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1
OPTICAL APPARATUS AND OPERATING
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to optical detection, in particular, to
an optical apparatus and operating method thereof capable of
effectively enhancing the overall optical scanning detection
efficiency through the disposition of the rotation axis.

2 . Description of the Prior Art

In recent years, with the continuous development of the
optical detection technology, several kinds of optical detec-
tion equipments have been developed. For example, the opti-
cal coherence tomography can be used as a fundus optical
image apparatus to provide a cross-sectional image of the
retina, and the optical coherence tomography uses the rota-
tion of the rotation mirror to reflect the detected light to
different directions to detect different locations of the fundus.

As shown in FIG. 1, because the size of the eye is relatively
small and the fundus region R of the retina can be regarded
similar to the circumference, the scanned region of the inci-
dent lines [.1~1.3 provided by the above-mentioned rotation
mirror can be maintained in a certain focusing detection
range, it is convenient for the user to use. However, once the
design of the rotation mirror is used to detect the non-circum-
ference large-area region S (e.g., the skin), because of the
limitation of the rotation angle of the rotation mirror, the
scanned region of the incident lines L.1~[.3 provided by the
rotation mirror may fail to cover all regions to be detected on
the large-area region S, some regions to be detected will not
be detected.

As shown in FIG. 2, in order to improve the above-men-
tioned drawbacks, currently the entire non-circumference
large-area region will be divided into several small regions
M1~M6, and then each of the small regions M1~M6 will be
scanned in order. However, each of the small regions M1~M6
will be limited by the rotation angle of the rotation mirror
RM, therefore, it takes longer time to finish the scanning of
the entire non-circumference large-area region, and the over-
all optical scanning detection efficiency will be seriously
affected.

Therefore, the invention provides an optical apparatus and
operating method thereof'to solve the above-mentioned prob-
lems.

SUMMARY OF THE INVENTION

A first embodiment of the invention is an optical apparatus.
In this embodiment, the optical apparatus includes an optical
scanning module and a rotation axis module. The optical
scanning module is used for providing an optical signal for
optical tomography. The rotation axis module is integrated
with the optical scanning module. When the rotation axis
module rotates, the rotation axis module makes the optical
scanning module to perform a rotation scanning process on an
object.

In practical applications, the optical apparatus can further
include a rotation mirror. The rotation mirror is disposed
between the optical scanning module and the object. In the
rotation scanning process, the rotation mirror will move in a
1-D direction relative to the object and cooperate with the
rotation axis module to bring the rotation of the optical scan-
ning module to perform a 2-D scan on the object. The rotation
axis module and the optical scanning module form a concen-
trically designed set or an eccentrically designed set.
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In addition, the optical apparatus can further include an
operation platform used for integrating the optical scanning
module and the rotation axis module, so that the rotation axis
module can bring the optical scanning module to perform the
rotation scanning process in three axes respectively. The
operation platform can include a control module used for a
user to control the operation platform. The control module is
selected from a group formed by a joystick, a mouse, and a
keyboard. The optical apparatus can further include a judging
module used for judging whether the object and a detected
region and a positioning point on the object are correct. If the
judgment of the judging module is yes, the rotation axis
module will bring the optical scanning module to perform the
rotation scanning process.

A second embodiment of the invention is an optical appa-
ratus operating method. In this embodiment, the optical appa-
ratus includes an optical scanning module and a rotation axis
module, the rotation axis module is integrated with the optical
scanning module. The method includes the following steps:
firstly, judging whether the object and a detected region and a
positioning point on the object are correct; if the judgment is
yes, when the rotation axis module rotates, the rotation axis
module will bring the optical scanning module to perform a
rotation scanning process on an object; afterward, the optical
scanning module provides an optical signal for optical
tomography.

Compared to the prior arts, the optical apparatus and oper-
ating method thereof in the invention will perform the rota-
tion scanning through the integration of the rotation axis and
the optical probe; therefore, the scanned area can be largely
increased to enhance the overall scanning efficiency. And,
2-D area detection can be provided by 1-D direction scanning
of the rotation mirror of the optical apparatus cooperating
with the rotation of the rotation axis. Furthermore, the optical
apparatus of the invention can include a platform of 6-degrees
of freedom, and the platform can cooperate with a control
apparatus similar to a joystick (or a mouse, a keyboard), a
display, a micro-camera, and a sensor to perform the obser-
vation, positioning, and detection of the body parts of the
patient, therefore, the human burden can be effectively
reduced.

The advantage and spirit of the invention may be under-
stood by the following detailed descriptions together with the
appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

FIG. 1 illustrates a schematic figure of the focusing detec-
tion range of the rotation mirror in the prior art failing to cover
all regions to be detected.

FIG. 2 illustrates a schematic figure of dividing the entire
non-circumference large-area region into several small
regions and scanning each of the small regions in order.

FIG. 3 illustrates a functional block diagram of the optical
apparatus in the first embodiment of the invention.

FIG. 4A illustrates a schematic figure of the rotation axis
module and the optical scanning module forming a concen-
trically designed set.

FIG. 4B illustrates a schematic figure of the rotation axis
module and the optical scanning module forming an eccen-
trically designed set.

FIG. 5A illustrates a schematic figure of the maximum
scanning range of the optical probe under the fixed position in
the prior art.
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FIG. 5B illustrates a schematic figure of the maximum
scanning range of the integrated optical probe and rotation
axis module in the invention.

FIG. 6 illustrates a schematic figure of the operation plat-
form of the optical apparatus.

FIG. 7 illustrates a flowchart of the optical apparatus oper-
ating method in the second embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

A first embodiment of the invention is an optical apparatus.
hi this embodiment, the optical apparatus can be a skin optical
image detection apparatus used to detect the non-circumfer-
ence large-area region similar to the skin, but not limited to
this case. In fact, the optical apparatus can be the optical
coherence tomography or other similar equipments without
specific limitations.

Please refer to FIG. 3. FIG. 3 illustrates the functional
block diagram of the optical apparatus in this embodiment. As
shown in FIG. 3, the optical apparatus 3 is used to perform an
optical coherence tomography detection process on an object
K. The optical apparatus 3 includes an optical scanning mod-
ule 30, a rotation axis module 32, a rotation mirror 34, an
operation platform 36, and a judging module 38. Wherein, the
rotation mirror 34 is disposed between the optical scanning
module 30 and the object K; the judging module 38 is coupled
to the rotation axis module 32; the optical scanning module 30
is integrated with the rotation axis module 32, for example,
the concentrically designed set shown in FIG. 4A or the
eccentrically designed set shown in FIG. 4B.

In this embodiment, the judging module 38 is used to judge
whether the object and a detected region and a positioning
point on the object are correct. In fact, the judging module 38
has the image capturing function and the image comparing
function, therefore, the judging module 38 can judge whether
the object and the detected region and the positioning point on
the object are correct by comparing the images of the object
and the detected region and the positioning point on the object
with the reference images obtained in previous optical detec-
tion. If the judgment of the judging module 38 is yes, the
rotation axis module 32 will bring the optical scanning mod-
ule 30 to perform the rotation scanning process.

The optical scanning module 30 is used for providing an
optical signal for optical tomography. When the rotation axis
module 32 rotates, the rotation axis module 32 brings the
optical scanning module 30 to perform the rotation scanning
process on the object K. In the rotation scanning process, the
rotation mirror 34 moves in a 1-D direction relative to the
object K and cooperates with the rotation axis module 32 to
bring the rotation of the optical scanning module 30 to per-
form a 2-D scan on the object K.

In order to improve the drawback that the scanning rate of
the optical apparatus is slower in the prior arts, the optical
scanning module 30 ofthe optical apparatus 3 in the invention
is integrated with the rotation axis module 32. In fact, the
optical scanning module 30 can be an optical probe, but not
limited to this case.

Please refer to FIG. 5A. FIG. 5A illustrates a schematic
figure of the maximum scanning range of the optical probe
under the fixed position in the prior art. As shown in FIG. 5A,
if a single optical probe P under the fixed position can provide
the effective detection diameter Dv through the rotation mir-
ror M, under the above-mentioned conditions, the maximum
scanning range of the optical probe P under the fixed position
is (0.707Dv)? in the prior art.

On the other hand, please refer to FIG. 5B. FIG. 5B illus-
trates a schematic figure of the maximum scanning range of
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the integrated optical scanning module (optical probe) 30 and
rotation axis module 32 in the invention. If the diameter of the
rotation axis in the rotation axis module 32 is Ds, the maxi-
mum scanning range the integrated optical scanning module
(optical probe) 30 and rotation axis module 32 will become
[(0.5Ds+1.207Dv)*~(0.5Ds)?]. If Ds is 0 , the maximum
scanning range shown in FIG. 5B will be 2.9 times larger than
the maximum scanning range shown in FIG. 5A. Therefore,
after the optical probe 30 of the optical apparatus 3 in the
invention is integrated with the rotation axis of the rotation
axis module 32, the maximum scanning range can be effec-
tively increased and the overall scanning rate can be also
enhanced.

It should be noticed that the optical scanning module (opti-
cal probe) 30 is integrated with the rotation axis, therefore,
when the light path of the optical probe is designed, the
complication of designing the rotation mirror can be reduced.
For example, as shown in FIG. 5B, in the rotation scanning
process, the rotation mirror 34 only moves in the 1-D direc-
tion relative to the object K and cooperates with the rotation
axis module 32 to bring the rotation of the optical scanning
module (optical probe) 30 to perform the 2-D scan on the
object K. In practical applications, the integration of the opti-
cal probe 30 and the rotation axis module 32 can effectively
increase the maximum scanning range of the optical appara-
tus 3 at least two times, but not limited to this case.

Please refer to FIG. 6. FIG. 6 illustrates a schematic figure
of the operation platform 36 of the optical apparatus 3. As
shown in FIG. 6, the operation platform 36 can be a platform
of 6-degrees of freedom used to integrate the optical scanning
module 30 and the rotation axis module 32, so that the rota-
tion axis module 32 can bring the optical scanning module 30
to perform the rotation scanning process on the three axes:
X-axis, Y-axis, and Z-axis. In addition, the operation platform
36 can also include a control module 360 for the user to
control the operation platform 36. In fact, the control module
360 can be a joystick, a mouse, a keyboard, or other similar
apparatus, but not limited to this case.

A second embodiment of the invention is an optical appa-
ratus operating method. In this embodiment, the optical appa-
ratus includes an optical scanning module and a rotation axis
module, and the rotation axis module is integrated with the
optical scanning module. Please refer to FIG. 7. FIG. 7 illus-
trates a flowchart of the optical apparatus operating method in
this embodiment.

As shown in FIG. 7, at first, the method performs the step
S10 to judge whether the object and a detected region and a
positioning point on the object are correct. In fact, the
detected region on the object can be a non-circumference
large-area region similar to the skin, but not limited to this
case.

If the judgment of the step S10 is YES, the method will
perform the step S12, when the rotation axis module rotates,
the rotation axis module will bring the optical scanning mod-
ule to perform the rotation scanning process on the object. In
fact, the rotation axis module can bring the optical scanning
module to perform the rotation scanning process on the three
axes: X-axis, Y-axis, and Z-axis respectively, but not limited
to this case. I[f the judgment of the step S10 is NO, the method
will perform the step S10 again.

Then, the method performs the step S14, the optical scan-
ning module provides an optical signal for optical tomogra-
phy. At last, the method performs the step S16 to process the
optical signal for optical tomography to be the optical tomog-
raphy result of the object.

In practical applications, the optical apparatus can further
include a rotation mirror. The rotation mirror is disposed
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between the optical scanning module and the object. In the
rotation scanning process, the rotation mirror will move in a
1-D direction relative to the object and cooperate with the
rotation axis module to bring the rotation of the optical scan-
ning module to perform a 2-D scan on the object.
Compared to the prior arts, the optical apparatus and oper-
ating method thereof in the invention will perform the rota-
tion scanning through the integration of the rotation axis and
the optical probe; therefore, the scanned area can be largely

increased to enhance the overall scanning efficiency. And, 10

2-D area detection can be provided by 1-D direction scanning
of the rotation mirror of the optical apparatus cooperating
with the rotation of the rotation axis. Furthermore, the optical
apparatus of the invention can include a platform of 6-degrees
of freedom, and the platform can cooperate with a control
apparatus similar to a joystick (or a mouse, a keyboard), a
display, a micro-camera, and a sensor to perform the obser-
vation, positioning, and detection of the body parts of the
patient, therefore, the human burden can be effectively
reduced.

With the example and explanations above, the features and
spirits of the invention will be hopefully well described.
Those skilled in the art will readily observe that numerous
modifications and alterations of the device may be made
while retaining the teaching of the invention. Accordingly, the
above disclosure should be construed as limited only by the
metes and bounds of the appended claims.

What is claimed is:

1. An optical apparatus, comprising:

an optical scanning module, for providing an optical signal

toward an object for optical tomography;

arotation axis module, disposed out of the optical scanning

module, when the rotation axis module rotates, the rota-
tion axis module making the optical scanning module to
perform a rotation scanning process on the object; and

a rotation mirror, disposed between the optical scanning

module and the object instead of being integrated with
the optical scanning module, in the rotation scanning
process, the rotation mirror moving in a 1-D direction
relative to the object and cooperating with the rotation
axis module to bring the rotation of the optical scanning
module to perform a 2-D scan on the object;

wherein an end of the rotation axis module is coupled to a

center of a bottom outer surface of the optical scanning
module or coupled to a side outer surface of the optical
scanning module to bring the optical scanning module to
rotate through the bottom outer surface or the side outer
surface of the optical scanning module, and the optical
signal provided by the optical scanning module is not

emitted toward the rotation axis module; the optical 50

scanning module is an optical probe, and the optical
probe is integrated with the rotation axis module to
increase a maximum scanning range and a scanning rate
of the optical apparatus.
2. The optical apparatus of claim 1, wherein the rotation
axis module and the optical scanning module form a concen-
trically designed set or an eccentrically designed set.

6

3. The optical apparatus of claim 1, further comprising:
an operation platform, for integrating the optical scanning
module and the rotation axis module, so that the rotation
axis module can bring the optical scanning module to
5 perform the rotation scanning process in three axes
respectively.

4. The optical apparatus of claim 3, wherein the operation
platform includes a control module used for a user to control
the operation platform, the control module is selected from a
group formed by a joystick, a mouse, and a keyboard.

5. The optical apparatus of claim 1, further comprising:

a judging module, coupled to the rotation axis module, for
judging whether the object and a detected region and a
positioning point on the object are correct, when the
judgment of the judging module is yes, the rotation axis
module bringing the optical scanning module to perform
the rotation scanning process.

6. A method of operating an optical apparatus, the optical
apparatus comprising an optical scanning module and a rota-
tion axis module, the rotation axis module being disposed out
of'the optical scanning module, the method comprising steps
of:

(a) when the rotation axis module rotates, the rotation axis

module bringing the optical scanning module to perform
a rotation scanning process on an object; and

(b) the optical scanning module providing an optical signal
toward the object for optical tomography;

wherein an end of the rotation axis module is coupled to a
center of a bottom outer surface of the optical scanning
module or coupled to a side outer surface of the optical
scanning module to bring the optical scanning module to
rotate through the bottom outer surface or the side outer
surface of the optical scanning module, and the optical
signal provided by the optical scanning module is not
emitted toward the rotation axis module; the optical
scanning module is an optical probe, and the optical
probe is integrated with the rotation axis module to
increase a maximum scanning range and a scanning rate
of the optical apparatus, the optical apparatus further
comprises a rotation mirror disposed between the optical
scanning module and the object instead of being inte-
grated with the optical scanning module, in the rotation
scanning process, the rotation mirror moves in a 1-D
direction relative to the object and cooperates with the
rotation axis module to perform a 2-D scan on the object.

7. The method of claim 6, wherein the rotation axis module
brings the optical scanning module to perform the rotation
scanning process in three axes respectively.

8. The method of claim 6, further comprising steps of:

(c) judging whether the object and a detected region and a

positioning point on the object are correct; and

when the judgment of the step (c) is yes, the method per-
forming the step (a).
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